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(57) Abstract 

A rigid endoscope ccmpnacs a high xefiradive index (HRI) tunnel xod (1), preferably nsade of glass, for transfiBr of image li^^t from 
a distal end to a proximal end of the device, such HRI nmnel rod is provided with a blackened snr&oe (7) so that a wiiniwwim of li^t is 
scattered and lefiected widnn the lod. Ihe HRI tunnel rod shortens the appaient distance from the proximal to the distal end by virtue of 
its refractive index beii^ greater than that of air, and also provides a li^t tunnel (25) which can cany the image over a relatively long 
distance by virtue of its modified inside walls. Relatively simple lenses (5, 17) are incorporated at the ends of the rod for image formation 
so as to cover a wide object field and to relay the image to a video camera (3). Stereo measuring embodiments of the endoscope provides 
dual optical paths for yielding two images containing parallax data. 
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Rigid endoscope provided with Iroage transmitting rod 

5 

BACKGROUND OF THE INVENTION 

The invention relates to rigid endoscopes for viewing 
into generally inaccessible areas, such as various body 

10 cavities or industrial components. Endoscopes for remotely 

viewing into body cavities or industrial components are 
well-known • Such endoscopes can be divided into two 
categories, rigid and flexible. Most flexible endoscopes 
utilize fiber optic image transfer bundles to carry the 

15 image from the distal tip to the proximal eyepiece. Other 

flexible endoscopes employ a small CCD chip at the distal 
tip and use fiber optics only for illumination and not for 
direct transfer of the image. 

Host modern rigid endoscopes are of the "rod-lens" 

20 type, which utilize a train of rod-like lenses to relay the 

image of an object from a distal end to a proximal eyepiece 
or other viewing means, such as a CCD caunera. Such a 
device is taught in U.S. P. No. 4,168,882 to Hopkins, whose 
entire disclosure is incorporated herein by reference. In 

25 that device, the image of an object area is formed by a 

first distal lens. A second lens reimages the first image 
to a third lens, which reimages the second image to a 
fourth lens, and so on, until the image is relayed to the 
viewing means. 

30 Rigid endoscopes employing a train of lenses for image 

1 
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1:ransfer require many lenses in order to transfer the image 
through a slender tube while retaining good resolving 
capabilities and a wide field of view. It is necessary 
that endoscope probe lengths reach as high as 30-4 0 

5 centimeters, and such lengths require as many as 2 0-3 0 

lenses in order to transmit a clear, bright image. Each 
lens requires grinding, polishing, and coating to obtain 
high optical quality, and must be aligned and mounted in a 
rigid encasement with great precision. As a result, the 

0 cost of producing such rigid endoscopes is very high. 

Further, such expensive rod-lens construction precludes the 
feasibility of removal and disposal of the whole shaft 
after a single use, which would be a preferred option, 
especially for cleanliness in medical applications. 

5 Removable, disposable sheaths which cover the length of the 

shaft have been proposed. However, such sheaths do not 
provide adequate protection against bacterial 
contamination, are cumbersome to work with, and are 
susceptible to breakage. 

0 Stereo versions of rod-lens type endoscopes are also 

known in the prior art. For example, U.S. Patent No* 
5,122,650 to McKinley, the entire disclosure of which is 
incorporated herein by reference, teaches such an 
endoscope. However, substantial modifications to the basic 

5 rod-lens design must be made to obtain independent optical 

paths in the shaft portion in order to yield two images 
containing parallax data, such images being essential for 
production of a stereo image. These modifications recpiire 
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much duplication of optical elements, especially in the 
shaft portion, which results in an endoscope which is 
costly and is even less suitable for disposability of the 
shaft* 

5 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide an 
improved rigid endoscope. This invention provides such an 
endoscope which can be constructed at a lower cost relative 

10 to prior art devices with comparable lengths and resolving 

capabilities. Moreover, the rigid endoscope of the 
invention comprises a shaft which is constructed in such a 
manner, and from such materials, as to allow it to be 
removed and disposed of at a low cost. 

15 The present invention provides a rigid endoscope 

utilizing a solid transparent high refractive index (HRI) 
tunnel rod, preferably made of glass, in place of the 
conventional train of lenses discussed above, for 
conducting image light from a distal end to a proximal end 

20 of the device, the outer surface of such rod being modified 
so that a minimum of light is scattered and/ or reflected 
within the rod, thus minimizing veiling glare and contrast 
reduction of the image which is formed by the proximal 
optics near the HRI tunnel rod's proximal end. 

25 Relatively simple lenses are incorporated at the ends 

of the HRI tunnel rod for image formation so as to cover a 
wide object field and to relay the image to a receiving 
device, such as a video camera. 
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In one aspect, this invention provides a rigid 
endoscope device useful for remotely examining a cavity, 
comprising distal optics for forming an image of an object 
area to be examined, an HRI tunnel rod of transparent 
5 material having an index of refraction greater than 1 for 

conducting image light from a distal end to a proximal end 
of said endoscope, the HRI tunnel rod having an outer 
surface which is blackened effectively to inhibit internal 
scattering of light, proximal optics located at a proximal 

10 end of the HRI tunnel rod, the proximal optics serving to 

relay an image of an object area to be examined, and a 
means for receiving and displaying the image relayed from 
the proximal optics. 

The HRI tunnel rod serves two major purposes: l) it 

15 shortens the apparent distance from the proximal to the 

distal end by virtue of its refractive index being greater 
them that of air, and 2) it provides a light tunnel which 
can transmit image light over a relatively long distance 
without veiling energy from wall scatter by virtue of its 

20 modified inside walls. A preferred method of modification 

Is by exposing the HRI tunnel rod to a reducing atmosphere, 
thereby reducing metal oxides to metal around the outer 
surface of the HRI tunnel rod to create a thoroughly 
blackened outer surface whose inner-diameter surface is 

25 greatly non-reflective, even at grazing incidences. A 

preferred reducing . method is hydrogen firing, wherein the 
HRI tunnel rod is exposed to a heated atmosphere of 
hydrogen. Such methods are taught in detail in U.S. Patent 
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No. 4,760,307 to Howorth, 5,074,899 to Howorth, and U.S. 
Patent No. 5,078,773 to Thomas. 

In a second aspect, the invention provides an improved 
stereo measuring endoscope which resolves bright, clear 
5 images, contains fewer optical components, is less costly 

to manufacture, and which provides a shaft that may be 
disposed of at a low cost* 

In a third aspect, the invention provides a method of 
producing a shaft for a rigid endoscope which is capable of 

10 accurately transmitting image light of high resolution from 

a distal end of the endoscope to a proximal end thereof, 
comprising modifying a rod of high refractive index 
transparent material by blackening the outer siirf ace of the 
HRI tunnel rod, thereby creating an inner surface which 

15 minimizes the amount of light scattered and reflected 

within the HRI tunnel rod to an extent that veiling glare 
and contrast reduction of an image transmitted by the HRI 
tunnel rod are reduced, and surrounding the HRI tunnel rod 
with a ring of light-conducting members, the light- 

20 conducting members being oriented so as to run generally 

parallel to the HRI tunnel rod. 

The foregoing and other objects, featixres, and 
advantages of the invention will be apparent from the 
following more particular description of the preferred 

25 embodiments as illustrated in the accompanying drawings in 

which reference characters refer to the same parts 
throughout the various views. The drawings are not 
necessarily to scale, emphasis instead being placed upon 
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illustrating the principles of the invention. 

Fig. 1 shows the basic elements of the endoscope 
according to a preferred embodiment of the present 
invention, 

5 Fig. 2 shows an embodiment of the present invention 

wherein a positive lens is used as the distal optics. 

Pig. 3 shows an embodiment of the present invention 
wherein a negative lens is used as the distal optics. 

Pig. 4 shows an embodiment of the present invention 
10 wherein a concave "dimple" is formed on the distal end of 

the HRI tunnel rod. 

Pig. 5 shows an embodiment of the present invention 
wherein an eyepiece is used as a means of viewing the image 
produced . 

Pig • 6a and 6b show an embodiment of the present 
invention wherein the shaft is of an all-glass, integral 
construction . 

Pig. 7 shows an embodiment of the present invention 
wherein the shaft of the device is rectangular in cross- 
20 section. 

Pigure 8 shows an embodiment of the present invention 
wherein the tunnel rod is surrounded by a solid light- 
conducting sleeve. 

Pigure 9 shows an embodiment wherein there is provided 
25 a twin-channel light shaft which produces a stereo image 

pair from a single object. 

Pigure 9a shows a cross-section of the shaft shown in 
the embodiment of Pigure 9. 



6 



o o 

WO»4rt««7 PCT/US»3/IJ4«. 



Figure 10 shows an embodiment wherein there is 
provided an arrangement of relay optics which produces a 
stereo image pair from light transferred by a single HRI 
tunnel rod and single set of distal optics. 
5 As shown in Fig. 1, a solid transparent HRI tunnel rod 

1 serves as an optical tunnel to allow the image formed by 
a relatively simple lens 5 at the distal end to be viewed 
by the eye, via an image-recording device 3, which may be 
a CCD camera or the like. In a preferred embodiment, the 

10 HRI tunnel rod 1 is made of glass; however, other 

transparent materials, including conventional polymers such 
as lucite, or even water, can be used for the rod's 
composition. The HRI tunnel rod shortens the apparent 
distance from the proximal to the distal end by virtue of 

15 its refractive index being greater than that of air- 

If the walls of the HRI tunnel rod are modified in 
order to reduce internal light scattered or reflected from 
them, the resultant images are vastly improved over images 
obtained in the absence of such modification. Various 

20 methods may be used to accomplish this. A preferable 

method is by grinding, etching, sandblasting, or otherwise 
roughening the surface of the rod and then firing it at an 
elevated temperature in a reducing atmosphere, such as a 
hydrogen atmosphere. The hydrogen reduces certain 

25 metallic oxides present in the glass, such as lead or 

arsenic, to metal and causes the surface of the HRI tunnel 
rod to create a thoroughly blackened surface 7. The rod 
may be composed of a conventional high-index, lead- 
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containing glass in order to aid in the hydrogen-firing 
process. Such a reducing treatment is disclosed in U*S. 
Patent No. 5^078,773 to Thomas. 

Another, less-effective method of modification is to 
5 grind, sandblast, or otherwise roughen the wall surface of 

the HRl tunnel rod and coat the so-treated surface with a 
black material, such as paint or resin, which preferably 
has a refractive index which closely matches that of the 
rod. 

10 The distal optics 5, which may be either a positive or 

a negative lens or lens system, forms an image of the 
object space, generally a volume of low accessibility, that 
image being of generally reduced size. The object space 
may be, for example, the inside of an abdominal cavity. 

15 However, rigid endoscopes are also used for viewing the 

inside of industrial components such as weldments or 
castings . 

The HRI tunnel rod 1, by virtue of its blackened 
surface and zero-focussing power, will "transfer" the image 

20 light along the endoscope shaft with minimal stray light 

interfering with the image. A relay lens 17 is provided at 
the proximal end of the HRI tunnel rod 1 to focus the image 
formed by the distal objective lens 5 onto the image- 
recording device 3. A rigid, elongated tubular housing 37 

25 comprises a sheath made of stainless steel or glass, or 

other material. 

A ring of optical fibers 25 is formed around the 
tunnel rod 1 to provide illuminating light 2 to illuminate 
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the field of view 6. These fibers 25 terminate at the 
distal end of the shaft and have polished ends. The fibers 
25 are routed in the handle 27 of the endoscope so as not 
to interfere with the optical path from the relay lens 17 
5 to the imaging device 3, and are gathered together in a 
compact, generally circular bundle 29 and bonded into a 
tubular connector 31 mounted at the side or proximal end of 
the handle. 

Light from a remote light source 33, which may be a 
10 Xenon arc lamp or other high intensity lamp, is transmitted 

to the connector 31 by means of a fiber optic cable 35. 
This cable may be separable or may be integral with the 
bundle 29. 

A preferred embodiment of the endoscope has, a 
15 separable shaft and handle to provide 1) disposability of 

the shaft, 2) interchangeable shafts of varying diameters 
or lengths, or 3) autoclavability of the shaft portion of 
the endoscope. Xn this embodiment, the shaft may consist 
of a glass HRI tunnel rod and a surrounding ring of light- 
20 conducting material, fibers or clad rods. A surrounding 

housing such as a stainless steel or glass tube may be 
provided, or the light-conducting material may serve also 
as a housing. For example, an aluminum-coated plastic tube 
may serve as both the housing and light-guide illuminator. 
25 A simple mechanical coupling 39, Figure 1, may be used 

to lock the shaft into the handle. Such coupling may be a 
ball detent, collet, threaded locking ring, or other means. 
The handle may contain the relay lens placed just 
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behind the proximal end of the HRI tunnel rod 1, and may 
also contain a fiber bundle resembling a "cobra head" to 
fojrm a ring of fibers 41 to optically couple to those in 
the shaft in very near contact (or actual contact) at a 
5 coupling point 43. A suitable light-tight ring seal 45 is 

used to prevent any of the light carried by the fibers 41 
from entering the optical path of the image light in the 
space between the HRI tunnel rod 1 and the relay lens 17. 
Whereas the handle 27 may not be steam sterilizable, 
10 it may be gas sterilized in ethylene oxide gas or 

disinfected and/or sterilized by other appropriate means. 
The housing 37 may be made from metals or plastic or 
combinations thereof. 

As shown in Fig. 2, if a positive objective lens 11 is 
15 used as the distal optics, a real image 9 is formed at or 

near the entrance face of the HRI tunnel rod 1 . 

As shown in Fig. 3, if a negative objective lens 13 is 
used, a virtual image 15 is formed in front of the negative 
lens 13. The distal and proximal optics in each of the 
20 embodiments may be simple plano-convex or plano-concave 

lenses, combinations of simple lenses,, or more complex 
structures with aspheric surfaces for correction of image 
aberrations. 

As shown in Figure 4, a simple form of objective lens 
25 may be utilized by incorporating a concave "dimple" 19 into 

the distal end of the HRI tunnel rod 1. The dimple 19 may 
be formed by grinding and polishing a concave surface 
directly into the end of the solid glass HRI tunnel rod 1, 



10 



o 

PCT/US93/12489 

or such may be accomplished by hot-pressing the nd of the 
rod* 

As shown in Figure 5, the real image produced by relay 
lens 17 can be viewed directly through an eyepiece 21. In 

5 this case, if a negative objective lens is used, a means 

for erecting the image is required. An aperture 23 placed 
between the relay lens 17 and the HRI tunnel rod 1 can be 
used to cut off rays which travel very close to the inner- 
diameter of the blackened surface 7 of HRI tunnel rod 1 and 

0 which may be distorted due to any slight inhomogeneities in 

the rod near these walls. 

The entire shaft, including the HRI tunnel rod 1 and 
fibers 25, may be made of low cost materials, and hence be 
disposable after one use or after limited use. In one such 

5 embodiment, shown in Figure 6a and 6b, the shaft is made of 

an all-|glass construction with a pre-blackened HRI tunnel 
rod 1 surrounded by glass-clad fibers 51a or keystone- 
shaped rods 51b, and surrounded by a glass housing 53 
having a low coefficient of thermal expansion. This 

0 provides a mechanically very rugged construction for the 

shaft. Although both glass-clad fibers 51a and keystone- 
shaped rods 51b appear in FIG. 6a for purposes of 
illustration, an embodiment using a single light-conducting 
material may be preferable for purposes of design- 

5 simplification. 

The outer glass housing 53 may also be blackened, such 
as by firing in hydrogen, to produce a glossy black finish. 
Such an integral shaft may be made by assembling the pre- 
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drawn and blackened glass rod along with a ring of light 
pipes into the glass housing and redrawing at a relatively 
low drawing ratio (such as 2:1) to thermally fuse all the 
glass elements into a sealed, void- free rod. 
5 To reduce internal reflection or scattering of 

light in this version, the surface of the HRI tunnel rod, 
which is oversized in diameter prior to the final draw to 
the desired diameter, may be modified by very coarse 
grinding and/or cutting of shallow, circular, or spiral 

10 grooves (by sandblasting through a mask, for example) so as 
to produce shallow baffles inside the HRI tunnel rod. The 
rod may then be fired in a reducing atmosphere to blacken 
the roughened and grooved exterior surface. This also 
causes the interior "surface" of the rod to appear very 

15 black. 

When this rod is assembled with the light piping clad 
rods in a glass tube and redrawn, there will be some 
smoothing and flattening of the rough surface and the 
grooves, but the remaining roughness and modified grooved 

20 surface will still adequately serve to suppress the 

internal reflection and scattering of the HRI tunnel rod 
after final drawing. 

In the embodiments shown in Figs. 1-6, the housing and 
HRI tunnel rod are formed so as to be circular in cross- 

25 section. However, as shown in Fig. 7, it is also 

foreseeable that an HRI tunnel rod la which is rectangular 
in cross-section could be used. Such an embodiment might 
be advantageous in order to conform the shape of the image 

12 
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output to the shape of the detector used. For example, CCD 
d tectors are generally available in rectangular form, and 
thus an endoscope which uses such a detector would benefit 
from a rod and housing which produce a rectangular image. 
5 Figure 8 illustrates an embodiment wherein a light- 

conducting sleeve 67 provides a cavity for transfer of 
illumination energy to the object. A typical illumination 
input point is shown at 78. Use of a plas-tic light- 
conducting sleeve is compatible with the concept of 

10 ultrasonically or chemically welding plastic distal optics 
68 into the distal tip. The shaft depicted in Figure 8 is 
completed by inserting the HRI tunnel rod 1 via the opening 
at the proximal end 69. Flexible tabs 70 at the proximal 
end of the light-conducting sleeve could be used to retain 

15 the HRI tunnel rod. Examples of distal end configurations 

71 and 72, providing different illumination fields, are 
also shown. 

Figures 9 and 10 show configurations which generate 
"stereo images", such images being the source of parallax 

20 data which reveals the object distance from the distal tip. 

In Figure 9, the "stereo images" are generated by 
duplicating the basic optical system of Figure 1 within a 
single shaft. This embodiment comprises dual distal optics 
5a and dual proximal optics 17a, and dual HRI tunnel rods 

25 lb and Ic. In Figure 10, the shaft contains one set of 

distal optics 5b and one HRI tunnel rod 1. Two sets of 
relay optics 61, 62 interact with and are coupled to the 
shaft optics via beam splitter 60 to form images 63 and 64. 

13 
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With properly-designed relay optics, the stereo base 65 in 
the embodiment of Figure 10 can approach or even exceed the 
HRI tunnel rod's diameter. The ability to increase the 
stereo base beyond the HRI tunnel rod's diameter provides 
5 an increased depth resolution. 

The above embodiments are preferred for producing 
endoscopes which utilize an HRI rod having an aspect ratio 
of about 45:1 and an area of illuminating fibers 
approximately equal to the cross-sectional area of the rod. 
10 However, in certain circiimstances where operating 

conditions are extreme, i.e., where a very wide field of 
view (90 degrees, for example) is required, and/or where a 
large object distance (over 100 millimeters, for example) 
and a high aspect ratio rod are required, the level of 
15 illumination at the CCD may be insufficient to reproduce 

satisfactory video images at the monitor. Since the rod 
aspect ratio is dictated by the endoscopic requirements, 
such as those for performing laparoscopy, the overall 
cross-section of the endoscope is similarly limited 
20 (typically 9-11 millimeters diameter) ; and, the light 

source (typically a Xenon arc lamp) cannot readily be made 
more intense. Thus, the preferred means for increasing the 
illumination on the CCD is to increase the refractive index 
of the HRI rod 1 (PIG. 1) to the highest practical level, 
25 tip to 1.95. 

A refractive index increase of the HRI rod shifts the 
apparent position of the distal lens 5 (FIG. 1) toward the 
proximal relay lens 17 (FIG. 1) , thus shortening the 

14 
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20 



optical distance between the distal "window" (actually the 
distal lens) and relay lens 17. With a decreased optical 
distance between the "window" and relay lens 17 ^ a shorter 
relay focal length is required to fill the CCD ship with an 
image of the "window." Illumination E at the CCD chip is 
proportional to the squared reciprocal of the relay f- 
nuiober : 



where f is the relay focal length and D is the HRI rod 
diameter • 

Other methods of increasing illumination at the CCD 
include 1) decreasing the field of view by means of longer 
focal length distal optics, and 2) decreasing the image 
size at the CCD by means of shorter focal length relay 
optics. Both of these methods may produce images which are 
less acceptable in some marketplaces. 

If further illumination is required, additional 
optical means can be used. Figs. 11 and 12 illustrate 
"hybrid" embodiments wherein such additional optical means 
are used. 

Referring to FIG. 11, a tunnel rod having blackened 
walls is modified by "breaking" it into two (or more) 
segments 121, 123 and adding a relaying lens or lenses in 
the spaces between the rods. As shown in Fig. 11, the 
relay lens comprises modified ends 125, 127 of the tunnel 
rods 121, 123. Modification is perfonaed, e.g., by 
contouring a convex surface onto an end portion of at least 
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one of the tunnel rods such that it forms an image 131 of 
the object 132 inside or near the end of the proximal rod^ 
the image 131 preferably being of less than or equal 
diameter to the rod. This internal (relayed) image 131 is^ 
5 in turn, focused onto a CCD by a proximal relay lens 135. 

The image 131 and distal "window" image 137 are both now 
much nearer the proximal relay lens 135, which requires a 
correspondingly shorter focal length. The focal length of 
proximal relay. lens 135 decreases to at least half of its 
10 original value and increases the illumination on the CCD 

133 by the inverse square of this ratio. 

Certain variations on the hybrid embodiment may be 
made without departing from the spirit and scope of the 
invention. Examples of such variations include, e.g., 
15 using a more complex objective lens 138, such as one or 

more negative, positive, or combinations of lenses, 
aspherizing both tunnel rods to relay the image, adding one 
or more lenses between the ttmnel rods to improve the 
quality of the relayed images, 131, 137 (i.e., so as to 
20 correct spherical and chromatic aberration) . 

The embodiment shown in Fig. 11 is potentially the 
least costly version of the hybrid embodiments, and 
therefore may provide economically-practical disposability 
of the separable shaft. 
25 Fig. 12 shows a "hybrid" tunnel scope with an 

intermediate relay lens to extend the length, e.g., from 8 
inches to 16 inches. This embodiment preferably uses a 6- 
millimeter diameter rod 101 which is 200 millimeters long 
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with a concave tip (objective lens) 109. A second 8- 
millimeter diameter rod 103 which is 200 millimeters long 
with piano ends is further provided. A pair of 115- 
millimeter EFL achromatic doublets 105, 107 are placed 
5 face-to-face between the rods 101, 103. A 50-millimeter 

relay lens 111 and a 5X eye piece 113 are utilized. The 5X 
eyepiece is preferaibly made up of two achromatic lenses 
each having an focal length of about 80mm. The exit pupil 
is preferably approximately 1.5 millimeters in diameter 

10 with an apparent field of about 20 degrees. The apparent 
field can be varied by adjusting the position of the final 
relay lens 111. 

For right-angle viewing, the above embodiment could be 
supplemented with a slip-on mirror tube. 

15 While the invention has been particularly described 

with reference to preferred embodiments thereof, it will be 
understood by those skilled in the art that various changes 
in form and details may be made therein without departing 
from the spirit and scope of the invention. 

20 
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The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

!• An endoscope device useful for remotely examining 
5 a cavity, comprising: 

distal optics for forming an image of an object area 
to be examined; 

a tunnel rod of transparent material having an index 
of refraction greater than 1 for conducting image light 
10 from a distal end to a proximal end of said endoscope, said 

tunnel rod having an outer surface which is blackened 
effectively to inhibit internal scattering of light; 

proximal optics located at a proximal end of said 
tunnel rod^ said proximal optics serving to relay an image 
15 of an object area to be examined; and, 

a means for receiving and displaying said image 
relayed from said proximal objective lens. 

2, The device according to claim l, further 
20 comprising: 

second distal optics for forming a second image 
of an object area to be examined; 

a second tunnel rod of transparent material 
having an index of refraction greater than 1 for conducting 
25 second image light from said distal end to said proximal 

end of said endoscope, said second tunnel rod having a 
second outer surface which is blackened effectively to 
inhibit internal scattering of light; 

18 
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second proximal optics located at said proximal 
end of said tunnel rod, said second proximal optics serving 
to relay a second image of said object area to be examined; 

5 3. The device according to claim 2, wherein said 

means for receiving and displaying said image relayed from 
said proximal optics further comprises means for receiving 
and displaying said second image of said object area to be 
exsuained . 

4. The device according to claim 1, wherein said 
proximal optics comprises means for processing a plurality 
of images containing parallax. 

5. The device according to claim 4, wherein said 
means for processing a plurality of images comprises a beam 
splitter and first and second proximal lens means. 

6. The device according to claim 3, wherein said 
means for receiving and displaying said image relayed from 
said proximal optics comprises a plurality of CCD 
detectors • 

7 • The device according to claim 3 , wherein said 
means for receiving and displaying said image relayed from 
said proximal optics comprises a plurality of eyepieces. 

8. The device according to claim 1, wherein said 



19 



o o 

wo 94/14367 ^ ^ 

PCT/US93/12489 

transparent material having an index of refraction greater 
than 1 is glass. 



9. The device according to claim 1, further 
5 comprising a tubular housing encasing said tunnel rod. 

10. The device according to claim 9, wherein said 
tubuleo: housing comprises a ring of light-conducting 
members surrounding said tunnel rod and extending from a 

10 proximal end of said tunnel rod to a distal end of said 

tunnel rod for delivering illumination to said object area. 

11. The device according to claim lO, wherein said 
light-conducting members comprise optical fibers. 



15 
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12. The device according to claim 9, wherein said 
tubular housing comprises a light-conducting sleeve which 
provides a cavity for transfer of illimination energy to 
said object area to be examined. 



13. The device according to claim 10, wherein said 
light-conducting members and said tunnel rod are comprised 
of a glass construction, and wherein said light conducting 
members and said tunnel rod are fused together to form an 

25 integrated glass shaft. 

14. The device according to claim 9, wherein said 
light-conducting sleeve is of a plastic construction, and 

20 
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wherein said -tunnel rod and said light-conducting sleeve 
are assembled together to form an integrated glass/plastic 
shaft. 



/ 



5 15. The device according to claim 10, wherein said 

light-conducting members comprise keystone-shaped rods. 

16. The device according to claim 1, wherein ^- said 
transparent material having an index of refraction greater 

10 than 1 is of a plastic-construction. 

17. The device according to claim 1, wherein said 
tunnel rod is circular or rectangular in cross-section. 

15 18. The device according to Claim 1, wherein said 

distal optics comprises at least one lens, and wherein said 
at least one lens has negative power. 

19. The device according to Claim 1, wherein said 
20 distal optics comprises at least one lens, and wherein said 

at least one lens has positive power. 

20. The device according to Claim 1, wherein said 
means for receiving and displaying said image relayed from 

25 said proximal optics comprises a CCD camera or an eyepiece 

for direct viewing, of said image. 

21. The device according to Claim 1, wherein said 

21 
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dist:al optics comprises at least one aspheric surface for 
correction of aberration in said image. 

22. The device according to Claim 1, wherein said 
5 distal optics comprises a ground and polished end portion 

of said tunnel rod. 

23. The device according to Claim 1, wherein an 
aperture stop is placed over said proximal end of said 

10 tunnel rod for occluding light entering said proximal 

optics from said tunnel rod. 

24. The device according to Claim 1, wherein a light- 
tight seal is provided at said proximal end of said tunnel 

15 rod to prevent light from entering the tunnel rod at or 

near said proximal end of said tunnel rod. 

25. The device according to Claim 9, wherein a handle 
is provided at said proximal end and is connectable to said 

20 tubular housing. 

26. The device according to Claim 25, further 
comprising means for removably connecting said tubular 
housing and said tunnel rod to said handle so as to make 

25 said tubular housing and said tunnel rod removable as an 

integral component for replacement, sterilization, or other 
servicing. 

22 
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27. The endoscope according to claim 1, wherein said 
tunnel. rod comprises a component which is integral with a 
plurality of light-conducting members and which is 
detachable for replacement, sterilization, or other 

5 searvicing. 

28. A method of producing an endoscope shaft which is 
capable of acctirately transmitting image .flight from a 
distal end of the endoscope to a proximal end thereof, 

10 comprising: 

modifying a rod of transparent material by blackening 
the outer surface of said rod, thereby creating an inner 
surface which minimizes the amount of light scattered and 
reflected within said rod to an extent that veiling glare 

15 and contrast reduction of an image transmitted by said rod 

are reduced; and, 

surrounding said rod with a ring of light-conducting 
members, said light-conducting members being oriented so as 
to run generally parallel to said rod. 

20 

29. The method according to claim 28, further 
comprising: 

fusing said rod and said light-conducting members so 
as to form a single, integral shaft component. 

25 

30. The method according to claim 28, wherein said 
modifying step includes a step of firing said rod in a 
reducing atmosphere. 

23 
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31. Th method according to claim 30, wh rein said 
reducing atmosphere is hydrogen « 

5 32- An endoscope device useful for remotely examining 

a cavity, comprising: 

distal optics for forming an image of an object area 
to be examined; 

a first tunnel rod of transparent material having an 

10 index of refraction greater than 1 for conducting image 

light from a distal end of said first tunnel rod to a 
proximal end of said first tunnel rod, said first tunnel 
rod having an outer surface which is blackened effectively 
to inhibit internal scattering of light; 

15 a second tunnel rod of transparent material for 

conducting image light from a distal end of said second 
tunnel rod to a proximal end of said second tunnel rod, 
said second tunnel rod having an outer surface which is 
blackened effectively to inhibit internal scattering of 

20 light; 

proximal optics located at a proximal end of said 
second tunnel rod, said proximal optics serving to relay an 
image of an object area to be examined to an image 
receiving and displaying means; and, 
25 a relay lens between said first and second tunnel rods 

for relaying an image from said distal optics to said 
proximal optics « 
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